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ABSTRACT
Reductions in project stafImg required modification of hydroacoustic survey
protocol for the 1990-91 and 1991-92 field seasons. Echo integration surveys were
discontinued and hydroacoustic biomass estimates were generated solely from visual
integration data. Hydroacoustic surveys were discontinued in the middle ofthe 1990-
91 field season due to further reductions in staff. Visual integration surveys were
continued the following season.
Herring schools were surveyed hydroacoustically in San Francisco Bay from mid-
November 1990 to early January 1991. Two spawning waves were surveyed prior to
the truncation of the field season. Biomass estimates for these waves from visual
integration methods totaled 39,900 tons. The largest herring school ever surveyed in
San Francisco Bay spawned in early January 1991. An estimated 38,600 tons of
herring was observed from Sausalito to Hunters Point in the south bay.
Hydroacoustic surveys were continued in the 1991-92 field season. A total of six
distinct spawning waves were detected and estimated using visual-integration meth-
ods. The biomass estimate for the season totaled 36,900 tons; however, a significant
portion ofone wave may have been missed hydroacoustically but was accounted for
by spawning ground surveys. It was speculated that this component was ripening
outside of the Golden Gate Bridge, beyond our normal survey area.
During the incomplete 1990-91 field season, 13 samples containing 2,830 herring
were collected by midwater trawl. Older fish dominated both waves and sex ratios
favored males. Sixty-two samples comprised of3,961 herring were sampled by
midwater trawl and the round-haul fishery during the 1991-92 field season. Unlike
previous seasons, mean body length ofherring did not decline significantly until late
January, due to a lack of returning 2-year-olds. The 1990 year-class appears to be
extremely weak, but recruitment will not be complete until this year-class returns as 3-
year-olds in the 1992-93 season.
Recruitment strength of the 1989 year-class could not be evaluated in the shortened
1990-91 field season. However, as 3-year-olds the 1989 year-class is below average.
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The 1990 year-class was forecasted by the herring young-of-the-year (YOY) index to
be weak. This year-class as 2-year-olds is the weakest on record. The 1991 year-class
app~ars t~ be stronger than the 1990 year-class based on results of the yay surveys,
but IS pro~ected to be weak also. A final assessment for both year-classes cannot be
made until they.return as 3-year-old herring and recruitment into the fishery is com-
plete. The yay mdex for the 1992 year-class suggests that it will be slightly below
average but much stronger than the previous two year-classes.
INTRODUCTION
This report presents the 10th and 11th years of
studies by the California Department ofFish and
~e's (CDFG) Pacific Herring Research Project.
Primary project activities included hydroacoustic
surveys and herring sampling in San Francisco Bay
during the herring spawning period from November
to March. Results of research for previous seasons
appear in administrative reports (Reilly and Moore
1982, 1983, 1984, 1985, 1986, 1987, 1988; Reilly et
al. 1989; and Oda and Wendell 1990).
The principal objective ofthe Pacific Herring
Research Project is to provide data necessary for
long-term management ofroe herring and roe-on-
kelp f~sheries in California. Management authority
was gIVen to California's Fish and Game Commis-
sion by the California State Legislature when the roe
fishery was initiated in 1973 by Japanese buyers
(Spratt 1992). Catch quotas based upon spawning
biomass estimates are one of the principal manage-
ment tools used in managing this fishery. Hydro-
acoustic surveys ofherring schools in San Francisco
Bay have played an important role in generating
spawning biomass estimates since 1982.
In a departure from previous Herring Research
Project administrative reports, this report presents
the results of two seasons of research. Research
activities ended in the middle ofthe 1990-91 season
due to staff limitations. Although the herring re-
search project was not fully staffed during the 1991-
92 spawning season, hydroacoustic surveys and
sampling were continued with few modifications to
methodology. All modifications to methodology
have been documented in this report.
METHODS
Population Structure Sampling
Field Surveys
Research Vessels Prior to the 1990-91 spawning
season, the project received a replacement vessel for
the RN Panda/us. Field work during the 1990-91
and 1991-92 seasons was conducted from the R/V
Huacninango, a custom-built 28-ft Radon hull
outfitted with two single-drum hydraulic winches an
"A" frame, and powered by a Volvo 740 gas engm'e
and Duoprop outdrive.
Sampling Gear A 12-ft square, 65-ft long, double
warp midwater trawl with a 0.5-in stretched mesh
cod end was used as the primary sampling gear.
Herring schools were located by surveying likely
areas with a Raytheon model DE-719a recording
f~thometer. Information received from herring
fIshers, Department personnel, and observations of
marine mammal and bird activity was also helpful in
finding herring.
Once the presence of herring-like schools was
confirmed with our fathometer, tow direction and
depth were determined. The middle ofthe net was
positioned at the bottom ofthe densest herring
marks (Figure 1), enabling capture of fish that might
be sounding in response to the trawl (Reilly et al.
1989). Tows were oriented in the direction of the
current to maximize the ground speed of the trawl
and catch rate. Tow speeds ranged between 2 and 5
kts. Tow duration, with the trawl at target depth,
ranged from 15 sec to 5 min. This included a 30 sec,
300 rpm, increase in engine speed at the end of tows
exceeding 30 sec to capture fish lingering in the net
mouth. Tow duration was determined from observed
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FIGURE 1. Pacific herring recorded in San Fran-
cisco Bay by recording fathometer. Arrow indi-
cates target depth of midwater trawl.
fish densities on the fathometer, boat traffic, marine
mammal activity, or obstructions. However, tows
were limited to 5 min to minimize the probability of
harming marine mammals that may have been
feeding in the net.
Samples were also collected from the round haul
fishery. Samples were taken throughout the season
from fishing crews testing catches for roe content
prior to emptying the net into the hold. Fishing
vessels were approached by the RN Huachinango
and a sample was requested from the crew. A 5-gal
bucket was passed to a crew member, typically the
skiffoperator, who then filled the bucket with
herring using a long-handled dip net. Herring were
also randomly collected from bins at buying stations
after round haul boats had off-loaded the catch.
Samples obtained at sea were labeled and set aside
for dockside processing. Herring sampled at buying
stations were processed and replaced.
Field P1'ocasing Fish were transferred onto the
dock and rinsed with water. Body length (BL), was
measured from the tip of the snout to the end of the
pigment underneath the last column ofscales on the
caudal peduncle (Spratt 1981).
Sex and state ofmaturation were determined by
visual examination. The abdominal area was lightly
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squeezed until sex products were extruded. Ifsex
products were not produced, a small cut was made
above the vent to expose the gonads. Herring that
were very thin, with knife-edged, concave bellies and
greatly reduced, bloodshot gonads, were recorded as
spent. Spent fish were not included in length-weight
analysis. Herring were coded as ripe when eggs or
milt were easily extruded from the gonads; eggs
were yellow and translucent and milt was thin in
consistency. Herring with eggs that ranged in appear-
ance from opaque to milky yellow, or having milt
with the consistency of toothpaste, were coded as
immature.
For each spawning wave, 17 herring were col-
lected from each 10-mm size-class (>130 mm) and
reserved for ageing and length-weight analysis.
These individuals were tagged by stapling a num-
bered, water-proofpaper tag to the operculum, and
frozen.
Ltlboratory Procasillg Samples were removed
from the freezer and thawed in a water bath, usually
the night prior to processing. Thawed fish were
arranged on dissecting trays by identification num-
ber, then weighed to the nearest 0.1 g on a Mettler
1200N single pan balance. Sex and maturity were
verified by comparison with the field data sheet.
Fish found to have significant egg or milt losses
upon examination of the gonad were not included in
length-weight analysis.
Otoliths were removed and cleaned with paper
toweling and 190-proofethanol. They were then
dried and stored in labeled gelatin capsules. To
determine age, otoliths were immersed in 190-proof
ethanol and examined whole at 12x-25x with
reflected light. Ages were assigned based on annulus
counts; however, the first and second annuli were
usually located based on measurements from the
nucleus (paul Reilly, pers. comm.).
Otoliths were aged independently by two readers.
When the ages differed, the otoliths were aged again
by one of the readers. Ifstill unresolved, the other
reader would reread the problem otolith. If resolution
could not be reached at this point, the otoliths were
assigned an age by a third reader. Ultimately, age
assignments were the result ofa consensus.
Compute, Processing ofO.t.
Length, weight, sex, maturity state, and age data
from all herring samples were entered in a NEC
PowerMate 1 microcomputer using dBASE ill Plus
programs. We generated mean BL by sex and
maturity state, and length frequencies for each
sample and wave. Spawning wave assignments were
based on a combination of factors: 1) date ofsample,
2) percentage ofunripe females in the sample, 3)
location of herring, 4) date ofspawning as deter-
mined by spawning ground surveys, 5) daily land-
ings ofthe commercial herring fleet, and 6) miscel-
laneous information from the herring fleet.
Most statistical analyses were performed using the
program ABSTAT. PASCAL programs were used to
develop age-length keys, assign ages based on
length, and produce the estimated age composition
of the spawning population.
Age andSptlWning Wave Determination Ages
were assigned to unaged fish based on an age-length
key developed from aged fish. Ages were assigned
according to the percentage ofeach age within 2-mm
size intervals (age-length key). All fish aged or
assigned an age were then combined by wave to
determine total age composition.
TotalAge Composition for the SptlWning St!IlSon
Percent age composition was calculated for the entire
1991-92 spawning season based on two separate
biomass estimates for each wave: 1) the sum of
spawn escapement and commercial catch (Spratt
1991 and Spratt et aI. 1992), and 2) the hydroacous-
tic biomass estimate. To calculate percent age
composition by number of fish, mean length for each
wave was converted to mean weight, using length-
weight conversion factors from Appendix F and G.
Each wave's biomass estimate was divided by the
appropriate mean weight to produce an estimated
total number of fish. This total was then multiplied
by the percent composition ofeach age to determine
total number of fish by age for each wave. Numbers
for each age were then summed for all waves and
divided by the total number of fish to produce a
percentage for that age for the entire season. Data
from the nearest wave, temporally, were used for
waves not sampled. To determine total age composi-
tion as a percent by weight, 1990-91 and 1991-92
mean weight-at-age values were multiplied by the
percentage age composition by wave.
Hydroacoustic Surveys
Survey Str.tegy
Pacific herring spawning grounds and holding
areas within San Francisco Bay have been identified
within an area bounded by the Richmond-San Rafael
Bridge on the north and the San Mateo Bridge on the
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south (Figure 2). The Bay Bridge provided a conve-
nient landmark to divide the primary survey area
into northern and southern components. Although
herring have been taken beyond the area boundaries,
their occurrence and significance were assumed to
be low. Consequently, surveys were conducted within
the primary survey area boundaries unless timely
information was received ofherring beyond the
primary survey area.
FIGURE 2. Acoustic survey and sampling area for
Pacific herring in San Francisco Bay. Dots repre-
sent stations sampled for young-of-the-year
herring.
Surveys were conducted during the 1990-91 and
1991-92 seasons with a Raytheon model DE-719B
recording fathometer to locate and delineate herring
schools. The paper recordings from this fathometer
were used to estimate biomass through a technique
called "visual integration".
Echo-integration surveys were not conducted
during the 1990-91 and 1991-92 field seasons. Due
to reduced staffing levels the project lacked the
personnel to run echo-integration surveys. The echo-
integration system the herring project employs
requires two persons trained in the operation ofthe
equipment and survey methods. The project has
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managed for two seasons with one biologist and two turns ~re made in low-density ~eas rathe~ than
temporary assistants conducting visual-integration extendl~g beyo~d the ~chool. This~ particularly
surveys and boat operations in San Francisco Bay. appropnate dunng penods when w~te croaker,
Surveys occurred throughout the typical spawning Genyonemus lineatus, were present m trawl samples
period (November through March) during the 1991- in specific areas of the south.bay. •
92 field season. The last survey in the 1990-91 A transect angle ofapproxImately 45 was chosen
spawning period occurred on January 10, 1991. for most zig-zag_patterns. This angle was modified
Surveys were scheduled 3 to 4 days per week around when necessary to take ad~tage of line-of-sight
a daylight slack tide. Due to tide-related time con- marks used to ensure a straIght course or when
straints, only a portion of the entire primary survey obstacles occurred. Larger angles l~ft too muc~ area
area was covered during any single survey. Fortu- open on the end of the pattern and tIme constramts
nately, most schools could be completely surveyed prevented using smaller angles.
within the available time. Several surveys were BlomB•• Estimlltion
typically completed for each component (school) of VISUal Integration Visual integration has been
a wave prior to a spawn. Surveys were also fre- used as an estimation technique for San Francisco
quently conducted within portions ofthe primary Bay herring since 1982. This method entails plotting
survey area not known to be occupied by herring to survey patterns on charts ofSan Francisco Bay.
provide complete coverage. The surveys conducted Translating surveys to charts was facilitated by
in these areas were used to identify the arrival of identifying turning points with "fix" marks and
new fish or the splitting of a school. Loran C readings which were recorded on paper
The selection ofan area to survey was predicated recordings of the fathometer. Once surveys were
on the quality ofpreceding surveys ofknown schools plotted, density estimates (short tonsil0' ft2) were
composing a wave, information on fish distribution assigned to herring "marks" on paper recordings.
from herring fishers, and the likelihood ofa spawn. Density assignments were based on comparisons to
Highest biomass estimates for a given wave were standards developed from a purse seine charter in
often obtained just prior to a spawning. 1983, which were further rermed in 1985 using
Once an area was selected, a starting point was echo-integration equipment loaned from the Wash-
determined. When a school was known to be present, ington Department of Fisheries (Reilly and Moore
the survey was started at a point at the edge of the 1983, 1985).
school which ensured that tide-related school move- A weighted average density for each transect was
ment would carry herring under the boat in the calculated, based on the length of the mapped
opposite direction ofthe survey. Ifno information transect. Transects were treated as diagonals in a
was available on fish distribution, a convenient point trapezoid. The surface area for each trapezoid was
was selected which allowed the boat to work against generated using a Houston Instrument HI-PAD
tidal flow. Both criteria were designed to minimize digitizer. Biomass within each trapezoid was deter-
double counting of fish associated with both herring mined by multiplying the averaged assigned density
and boat moving in the same direction. ofthe transect by its surface area. Estimated biomass
Surveys were conducted where possible in a zig- for the surveyed school was arrived by summing all
zag pattern. On occasion, obstructions, e.g. large trapezoid estimates.
vessels, required a deviation from the favored Final Bio",1ISS Estbnllte A final biomass estimate
pattern. Turning points were selected to reduce was selected for each wave. A seasonal total biomass
survey time in unoccupied or unlikely holding areas. estimate was generated by meshing the imal hydro-
Ifherring were obviously present, turning points acoustic estimate with the spawn escapement esti-
were chosen when a track extended for over a minute mate for each spawning wave. Each estimate was
beyond the school. Ifno herring were present, turns adjusted for landings prior to the survey, ifneces-
were made at the 10-fathom (60-ft) contour.. sary, and rounded to the nearest 100 tons. If the
Exceptions to these general rules occurred faIrly estimates from both techniques were judged ade-
frequently. If the survey time extended beyond the quate for a wave, the estimates were simply aver-
slack tide, every effort was made to complete the aged. Ifeither estimate was unavailable or inade-
survey as quickly as possible. In these instances, quate, the remaining value was used.
5
-I
!
San Francisco Bay Young-of-the-Year
Surveys
ReId Surveys
Research Vessel and Sampling Gear Field work
during the 1991 and 1992 young-of-the-year (YOY)
surveys was conducted from the RN Huachi1'Ul11go,
using the one midwater trawl used throughout the
spawning season. A Lowrance X-60 fish fmder was
used to determine bottom depths of stations. Coordi-
nates ofstations were stored as waypoints in a
Micrologic ML5000 loran C which assisted in
returning to sampling stations. A General Oceanics,
Inc. Model A2030 digital flowmeter was deployed
from a davit during tows to determine the volume of
water filtered by the trawl.
Sampling StrtItqy Post-spawning season surveys
were designed to assess YOY relative year-class
strength and growth characteristics. YOY surveys
were accomplished using the CDFG Bay-Delta
Fisheries Project sampling protocol as guidelines.
Year-class strength was appraised by creating an
index ofabundance based on catch-per-unit-effort
(CPUE) ofsamples collected from midwater-trawl
tows.
The trawl was set at 15 stations previously estab-
lished by the Bay-Delta Fisheries Project, from April
through June, within the primary survey area (Figure
2). These stations were selected because the Bay-
Delta Project's CPUE data ofYOY herring correlated
highly with the number of2-year-olds that later
recruited into the fishery.
Surveys were structured so that tows would
adequately sample the water column ofthe station
without endangering gear. For stations where water
depth was less than 20 ft, 100ft ofwarp was de-
ployed which allowed the net to fish between 8 and
20 ft. The trawl was allowed to fish for 5 min before
retrieval.
At sampling stations where bottom depths ranged
between 25 and 35 ft, 200 ft of warp was set and the
net fished for 2.5 min at a depth ofca. 22 to 34 ft,
then 100ft ofwarp was retrieved and the net towed
an additional 2.5 min, prior to retrieval. At deeper
stations, 40 to 60 ft in depth, 300 ft ofwarp was
deployed and the net fished for 1.67 min between 36
and 48 ft before being retrieved at 100 ft and 1.67
min increments. Total fishing time was limited to 5
min for all tows because of the likelihood of''plug-
ging" the net while towing through dense concentra-
tions ofanchovies.
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Sample Processing YOY herring collected for
growth assessments were measured for body length
to the nearest millimeter. All nontarget species were
identified and quantified. Ifa large quantity of
nontarget fish were collected, a volume measure was
substituted for counts.
ForfICIIsting Index
CPUE ofYOY herring from tows was determined
by dividing the number ofYOY caught by the
volume ofwater filtered. CPUE was then summed
from all tows to provide the index of year-class
strength. This index was compared with indices
generated from earlier surveys since 1980 to assess
their usefulness as forecasters offuture fishery
recruitment strength.
RESULTS
Population Structure
Thirteen midwater trawl samples ofherring were
collected from November 30,1990 to January 7,
1991 (Appendix A). Sixty-two midwater trawl and
round haul samples were collected from November
22,1991 to February 25,1992 (Appendix B). Marine
mammals, primarily California sea lions, Zalophus
californianus, heavily influenced catch rates of the
midwater trawl in 1991-92. The RN Huachi1'Ul11go
on many occasions was the sole herring, fishing
vessel in San Francisco Bay. Sea lions usually
directed their attention to commercial fishing
vessels; however, most permittees caught their
individual quotas by early January. DUe to the lack of
commercial fishery activity, our midwater trawl
operations received the unwanted attention of large
numbers ofsea lions. On many occasions, sea lions
were observed "porpoising" towards our boat
moments after the hydraulic pump operating the
trawl winches was engaged.
After the sea lions appeared, trawling operations
were immediately affected. Catch rates decreased
and on many occasions tows were aborted. Tears in
the trawl created by biting teeth were repaired, and
chewed herring were discarded from our samples.
Length Composition
Midwater Trawl Samples A total of2,830 herring
from two waves was sampled during the 1990-91
spawning season (Appendix C). A small school that
spawned in early November was not detected hydro-
acoustically nor sampled.
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Mean length decreased from 182 mm for the
second to 174 mm for the third wave (Table 1),
following the general pattern ofprevious seasons of
a gradual decrease in size composition ofherring
through January (Figure 3).
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FIGURE 3. Mean body length by wave of herring
caught with midwater trawl and round-haul gear,
1989-90 through 1991-92 seasons.
A total of3,961 herring from six spawning waves
were sampled during the 1991-92 season (Appendix
D). Wave 5 spawned in early January before it could
be sampled. Size composition ofspawning waves did
not exhibit the pattern of previous seasons (Table 2).
Mean lengths remained relatively high through most
ofthe season. Mean lengths of sampled waves
ranged from 186 to 163 rom.
ROllnd HIIIII Samples No round haul samples
were taken in the 1990-91 season. A total of756
herring were sampled from the round haul fleet
during the 1991-92 season (Appendix E). Spawning
waves 4, 6, and 8 were sampled from round haul
vessels (Table 3). Mean length ofall samples com-
bined was the highest recorded at 179 rom (Table 4).
Compllrison by Gellr 1Ype Mean lengths from
midwater trawl and round haul samples combined
ranged between 163 and 186 mm and were very
similar in length composition for the 1991-92 season
(Table 5).
Weight lind Length Weights and lengths of265
and 588 herring were measured from the 1990-91
and 1991-92 seasons respectively to generate length-
weight relationships. Using natural logarithms the
relationships by sex and ripeness were:
1990-91 Samples
Unripe females: In(W) = - 12.35 + 3.241n(L)
(r2= 0.98, n = 35)
Ripe females: In(W) =- 11.98 + 3.17 In(L)
(r2= 0.96, n =87)
Unripe males: none
Ripe males: In(W) =- 12.08 + 3.191n(L)
(r2= 0.94, n = 134)
All ripe herring: In(W) =-12.06 + 3.191n(L)
(r2= 0.96, n =221)
Estimated weights for ripe male herring from 130
to 230 rom BL (Appendix F) ranged from 31.4 to
194.0 g. The estimated weights for 130 to 230 mm
females were 31.7 to 193.6 g, respectively.
1991-92 Samples
Unripe females: In(W) =-12.84 + 3.34 In(L)
(r2 = 0.94, n = 49)
Ripe females: In(W) = - 13.24 + 3.421n(L)
(r2= 0.96, n =227)
Unripe males: none
Ripe males: In(W) =- 12.75 + 3.32 In(L)
(r2 =0.96, n =285)
All ripe herring: 1o(W) =- 13.25 + 3.411o(L)
(r2= 0.96, n = 512)
Estimated weights for ripe male herring from 130
to 230 mm BL (Appendix G) ranged from 29.6 to
196.3 g. The estimated weights for 130 to 230 mm
females were 29.7 to 208.3 g, respectively.
Sex Rlltlo8
Males outnumbered females in the two early-
season spawning waves sampled during the 1990-91
field season (Table 6). Early season dominance by
males continued in 1991-92 (Table 7). Unlike Age
previous seasons, however, females did not dominate
waves appearing later in the spawning season in
1991-92 (Oda and Wendell 1990).
LlHJgth .t Age
The 1989 and 1990 year-classes had the smallest
mean lengths as 2-year-olds over the last 10 seasons
(Table 8). The 1989 year-class also had the smallest
mean length as 3-year-olds. The 1988 and 1989 year-
classes had the second and third highest growth
increments as returning 3-year-olds. The 1987 and
1988 year-classes tied with the 1986 year-class as
having the second smallest mean length as 4-year-
olds. Older cohorts were within the ranges ofprevi-
ous seasons' data.
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Weight lit Age
Mean weights-at-age reflected below average
condition of herring for most age groups over the
past two seasons (Table 8). The 1989 and 1990 year-
classes had the lowest corresponding mean weights
in 10 seasons ofdata collection. Mean weights of4-,
5-, and 6-year-old herring were depressed during the
past two seasons, indicating the persistence ofpoor
growth conditions following the 1988-89 season.
Age Composition
Otoliths were aged from 166 herring collected
from midwater trawl tows from spawning waves 2
and 3 during the shortened 1990-91 season (Table 9).
In the 1991-92 season, 586 herring were aged from
midwater trawl and round haul samples (Table 10).
Fish were collected from spawning waves 2, 3, 4, 6,
8, and 9 with the midwater trawl; fish were also
collected from the round haul fishery from waves 4,
6, and 8.
Age composition indicated for both seasons that
early-season waves were dominated by 3- and 4-
year-olds. Unlike the 1989-90 season, 2-year-old
herring did not compose a high percentage of later-
season spawning waves in 1991-92. The 1988 year-
class continued to be very strong, dominating
spawning waves through January in 1991-92 (Table
11).
Age structure ofthe spawning population for
1990-91 could not be fully evaluated due to the mid-
season curtailment offield work. However, the
ageing data collected up to that point suggested that
recruitment of2-year-old herring was below average
and that 3-year-olds were quite abundant (Table 12).
structure for the 1991-92 season differed greatly
from that of all previous seasons (Table 11). Recruit-
ment of the 1990 year-class was minimal. The 1989
year-class as 3-year-olds was the third weakest in 10
seasons (Table 13). The 1988 year- class comprised
the highest percentage of the spawning population as
4-year-olds, amplified by the low numbers of 2- and
3-year-olds (Table 14). Five-year-olds from the 1987
year-class made up the largest percentage since the
1983-84 season.
Moon Phases and Spawning
Timing of herring spawns in San Francisco Bay
appears to be closely related to quarter phases of the
moon (Figure 4). Fourteen of fifteen documented
spawns in the past two seasons occurred on or within
four days of a quarter moon. Of these 14 spawns, 10
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FIGURE 4. Herring spawning biomass in relation
to moon phase in San Francisco Bay, 1990-91
and 1991-92 seasons.
were associated with a last-quarter moon and four
with the first-quarter moon. One spawn occurred
when the moon was new.
Biomass Estimation
Visulllintegrlltion
Visual integration was the sole hydroacoustic
method ofestimating spawning biomass used during
the 1990-91 and 1991-92 seasons. Two of three
spawning waves were surveyed prior the curtailment
of the 1990-91 spawning season studies. Seven of
nine spawning waves were surveyed hydroacousti-
cally in 1991-92. On one occasion, the biomass
estimate for one wave was the sum of two surveys; it
was apparent the wave was composed of two discrete
schools (wave 2) that had coalesced and spawned.
Several spawning waves escaped detection by
hydroacoustic surveys during the past two seasons.
Spawn escapement surveys accounted for these
waves: wave 1 in 1990-91 (Table 15), and wave 1
and wave 5 in 1991-92 (Tables 16). Wave 5 appar-
ently ripened west of the Golden Gate Bridge,
outside the normal survey area, and subsequently
spawned in Richardson Bay and Sausalito. However,
hydroacoustic surveys detected fish in mid-February
in the north bay that were believed to have later
spawned in San Pablo Bay and were therefore missed
by spawning ground surveys. These examples further
demonstrate how deficiencies ofone survey method
can be compensated by the other survey method.
S
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The largest spawning wave documented hydro-
acoustically was wave 2 in the 1990-91 season. The
biomass was estimated at 38,600 tons. The highest
biomass estimated prior to a spawn for each wave
was used in calculation of seasonal biomass totals.
Wave 6 in 1991-92 season (Table 16) was substan-
tially underestimated by both survey methods. The
rationale and methodology for the biomass estimate
of this wave is given by Spratt et al. (1992). The
hydroacoustic biomass estimate for 1990-91 and
1991-92 was 39,900 (Table 15) and 32,350 tons
(Table 16), respectively.
Tot.' 810m..E.tim.te
The meshing ofbiomass estimates from the
hydroacoustic and spawn escapement surveys for
1990-91 and 1991-92 provided seasonal totals of
45,020 and 46,600 tons, respectively.
Young-of-the-Year
Field SUl1Ie'P
Twenty-eight midwater trawl tows were conducted
from April to July, 1990 from the R/V Pandalus at
selected Bay-Delta Project stations. Eighteen tows
did not yield YOY herring. The remaining 10 tows
yielded a total of 118 YOY herring. In assessing
relative growth of 1990 year-class YOYs, 46 samples
taken from commercial shrimp trawlers fishing San
Pablo and south San Francisco Bays were included in
the analysis. The mean length ofYOYs sampled
ranged from 38 mm in April to 42 mm in May. No
YOYs were obtained in June or July of 1990.
Forty-five midwater trawl tows were conducted
from the RN Huachinango during April, May, and
June 1991. Nineteen tows were unsuccessful in
catching YOYs. The remaining tows contained 451
YOYs. The mean length for the 1990 year-class
increased from 40 mm in April to 45 mm in June.
Mean lengths ofYOYs in May for both seasons
suggests the persistence ofpoor growing conditions
following the 1988-89 season (Table 17).
The 1990 year-class index ofabundance was 506,
the second lowest in 12 years of survey data. The
1991 year-class index ofabundance was 1,054, the
fourth lowest on record. These indexes suggest two
consecutive weak year-classes (Table 18).
RIICTUhment FoTtlC.stlng
Due to the incomplete 1990-91 field season, the
index for the 1989 year-class as 2-year-olds could
not be fairly evaluated as a forecaster of recruitment
strength. In prior seasons, 2-year-olds became more
numerous in the later portion of the spawning season
(Oda and Wendell 1990); therefore, it is likely that
the bulk of the 1989 year-class had not entered the
bay prior to the ending ofour field season. As 3-yr-
olds, the 1989 year-class was the third weakest of the
past nine seasons (Table 14).
The estimated abundance of the 1990 year-class as
2-year-olds in 1991-92 was the lowest ever recorded.
The resulting correlation between the index of
recruitment and the subsequent estimate ofabun-
dance did not change the correlation coefficient
reported by Oda and Wendell 1990 (r =0.722);
however, the 1989 year-class was not included in the
correlation due to the incompleteness ofdata.
Discussion
The early stages of the 1990-91 and 1991-92
seasons showed the same general patterns of sex and
age composition observed during prior seasons. In
waves appearing in November, December, and early
January, 3-, 4-, and 5-year-old herring were numer-
ous. However, unlike previous seasons, 2-year-old
herring were not abundant from mid-January to
March during the 1991-92 season. In addition,
females did not dominate late-season waves.
The 1991-92 season was marked by poor recruit-
ment of2-year-olds. The 1990 year-class was the
weakest cohort of2-year-olds in 10 years ofdata
collection. It would be premature, however, to regard
the 1990 year-class as a failure until it is fully
recruited into the spawning population as 3-year-
olds.
The 1989 year-class as 3-year-olds was not as
strong as prior seasons' data suggested. The esti-
mated number of 3-year-olds this season was the
third lowest in 10 years (Table 14). The 1988 year-
class was the strongest 4-year-old cohort on record.
The relative abundance of3- and 4-year-olds indi-
cates possible ageing bias towards 4-year-olds.
However, the 1988 year-class as 2-year-olds was the
strongest ever recorded and in all likelihood should
continue to be a dominant year-class (Oda and
Wendell 1990).
Unfavorable environmental conditions affecting
herring growth have persisted following the 1988-89
spawning season. Mean sizes of2-year-old herring
for both seasons were the smallest on record (Table
8). Three-year-olds in 1991-92 had the smallest
mean length and lowest corresponding weight since
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the EI Nino-affected season of 1983-84. Mean
weights of4-, 5-, and 6-year-old herring were
slightly depressed. The YOY index and mean lengths
for the 1990 and 1991 year-classes were consider-
ably below average (Table 17).
Although sea surface temperatures along the
central California coast were elevated throughout the
spring of 1992, they were cooling by mid-July. Large
schools ofadult anchovies were prevalent outside of
San Francisco Bay suggesting upwelling conditions.
YOY and juvenile anchovies were extremely abun-
dant in ourYOY surveys in 1991 and 1992.
The spawning biomass estimate for San Francisco
Bay in the 1990-91 season was 45,020 tons and
46,600 tons in the 1991-92 season. These estimates
represent a marked decline from the 1989-90 esti-
mate of64,500 tons. Recruitment ofyounger year-
classes into the fishery has been depressed following
the strong 1988 year-class. Until stronger year-
classes are recruited to the fishery, the population
will remain below average levels.
The herringYOY recruitment index has proven to
be a useful tool in forecasting relative year-class
strength. The recruitment index has predicted strong
year-classes, such as those of 1982 and 1986, as well
as several weak ones (1983 and 1990). The index
predicted an above average 1989 year-class; however,
in its third year it proved to be below average.
Abnormal oceanic conditions may have increased
natural mortality of this year-class following the
1989-90 season (Oda and Wendell 1990). Neverthe-
less, the recruitment index has demonstrated its
usefulness in providing herring managers with
insight into the status of the San Francisco Bay
herring population.
Following the 1989-90 season, the hydroacoustic
biomass estimation protocol was modified, due to
staff reductions caused by budget limitations. Echo-
integration surveys were eliminated in favor of
visual-integration surveys which can be performed
with less staff; however, the results may not be as
precise. Notwithstanding, the fathometer used in our
visual-integration surveys has been calibrated by a
dual-beam system (Reilly and Moore 1986) and has
proven to be a very durable and reliable piece of
equipment. Echo-integration surveys may be rein-
stated in the future when adequate staffing is avail-
able.
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TABLE 1. Number of Pacific herring by body length (2-mm interval) combined by wave from
midwater trawl samples collected in San Francisco Bay, November 1990 to January 1991.
Size Wave Number
Interval 2 3
110-139 11
140-141 3
142 4
144 9
146 6
148 1 9
150 2 22
152 33
154 3 67
156 4 73
158 5 86
160 3 98
162 13 127
164 13 122
166 12 128
168 21 147
170 32 119
172 24 137
174 39 131
176 40 112
178 42 128
180 28 98
182 29 125
184 40 109
186 33 72
188 32 62
190 23 48
192 20 47
194 25 26
196 11 26
198 4 27
200 5 9
202 7 13
204 2 12
206 6 7
208 3 8
210 4 9
212 5 4
214 2 2
216 2 3
218 2 5
220 1 3
222 1
224 1 2
226
228
230 1
n 539 2291
Mean 181.6 173.5
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TABLE 2. Number of Pacific herring by body length (2-mm interval) combined by wave from
midwater trawl samples collected in San Francisco Bay, November 1991 to February 1992.
Size Wave Number
Interval 2 3 4 6 8 9
110-139 1 1 27 57
140-141 2 2
142 1 1 6
144 2 1
146 1 1
148 1 1
150 1
152 1 1 1
154 4 1 1 3
156 2 4 2 3 2
158 7 5 4 2
160 4 7 3 7 6
162 4 1 11 15 19 9
164 2 13 19 9 10 10
166 4 10 19 12 24 10
168 2 13 13 7 24 11
170 7 14 29 15 25 15
172 8 26 36 14 29 18
174 12 31 42 19 28 12
176 6 34 52 20 29 12
178 15 49 48 26 11 12
180 15 50 62 17 32 18
182 19 65 75 20 20 4
184 9 40 89 30 16 6
186 21 49 64 12 17 4
188 10 42 72 13 16 4
190 13 41 73 18 11 3
192 13 31 56 12 8 2
194 10 25 38 9 8 2
196 6 16 27 6 5 3
198 4 12 27 7 4 2
200 9 13 18 2 1 4
202 2 6 19 3 2
204 9 6 10 8
206 3 2 4 2
208 1 7 1 1
210 2 2 1 1 1
212 1 2 4
214 2 1
216 2 1 1
218 2 1
220 1 1 1
222 1 1 1
224 1 1 1
232 1
n 212 601 944 318 390 246
Mean 186.1 183.7 184.1 181.0 173.0 163.1
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TABLE 3. Number of Pacific herring by body length (2-mm interval) combined by wave from
round haul net samples collected in San Francisco Bay, January to February 1992.
Size Wave Number
Interval 4 6 8
110-139 19
140-141 4
142 1
144 1
146
148 1 1
150 1
152 2
154 1 1
156 2 1
158 2 3 1
160 1 4 5
162 2 9 5
164 3 12 6
166 7 16 12
168 1 14 8
170 7 13 12
172 4 26 15
174 5 20 17
176 10 31 16
178 8 39 11
180 7 36 19
182 9 32 17
184 10 36 9
186 5 24 8
188 6 17 5
190 4 13 6
192 6 17 5
194 5 21 5
196 3 9 2
198 1 8 2
200 6 4
202 6 1
204 1 3
206 1 2
208 2
210 1 1
212 1
n 107 421 228
Mean 180.2 180.8 173.1
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TABLE 4. Number of Pacific herring by body length (2-mm interval) from round haul net
samples, 1983-84 to 1991-92.
Body Season
Length 83-84 84-85 85-86 86-87 87-88 88-89 89-90 91-92·
130-139 247 27 16 24 31 21 12 9
140-141 84 6 3 8 23 12 5 4
142 130 10 2 23 25 13 10 1
144 146 8 6 16 39 29 13 1
146 223 20 8 26 90 28 28
148 187 26 7 33 83 53 30 2
150 274 38 15 31 104 81 39 1
152 399 82 40 67 201 91 56 2
154 334 103 28 72 171 132 45 2
156 522 154 57 147 320 183 69 3
158 428 178 88 135 243 162 79 6
160 441 180 113 152 214 225 102 10
162 498 344 218 265 368 227 99 16
164 345 312 213 231 201 231 101 21
166 302 309 276 359 274 211 94 35
168 235 238 256 255 202 144 71 23
170 121 210 260 263 154 206 72 32
172 145 234 353 386 205 192 52 45
174 82 159 281 207 111 166 35 42
176 94 139 309 253 134 147 28 57
178 92 109 268 145 75 113 43 58
180 79 78 228 111 84 114 23 62
182 147 107 313 140 116 136 33 58
184 128 83 243 96 73 116 41 55
186 129 83 253 89 106 90 30 37
188 81 64 181 72 75 77 21 28
190 93 47 166 57 75 77 17 23
192 90 54 207 92 90 54 25 28
194 68 28 120 57 52 56 19 31
196 51 34 136 69 53 44 12 14
198 34 24 100 54 43 27 14 11
200 20 16 84 48 25 34 11 10
202 14 19 70 50 25 22 9 7
204 7 15 57 27 21 17 7 4
206 5 8 43 24 16 13 4 3
208 2 7 26 14 15 11 5 2
210 3 3 16 18 6 5 2
212 3 5 18 7 12 5 2 1
214 3 7 5 10 7
216 2 6 4 3 8 2
218 3 1 5 2
220 2 3 2 1 1
222 1 1 2 3 2
224 1 1
226 1 1
230 1
n 6294 3566 5099 4137 4179 3587 1359 746
Mean 162.4 169.3 178.5 172.6 168.2 170.5 167.8 179.1
% <150 16.2 2.7 0.8 3.1 7.0 4.3 7.2 2.3
·Herring less than 130 mm BL were not included in this table.
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TABLE 5. Mean size in body length (BL) of Pacific herring by wave and gear type in San
Francisco Bay, November 1991 to February 1992.
Wave Number Midwater Trawl Round Haul
Mean BL (mm) n Mean BL (mm) n
2 186.1 212
3 183.7 601
4 184.1 944 180.2 107
6 181.0 318 180.8 421
8 173.0 390 173.1 228
9 163.1 246
TABLE 6. Composition of Pacific herring samples, midwater trawl only, by wave and sex from San
Francisco Bay, November 1990 to January 1991.
Wave Number Month Percent bv Numbern Male Female
2 Nov-Dec 539 53 47
3 Dec-Jan 2291 55 45
TABLE 7. Composition of Pacific herring samples by wave and sex for round haul and midwater
trawl gears combined from San Francisco Bay, November 1991 to February 1992.
Wave Number Month
Percent bv Number
n Male Female
2 Nov 212 58 42
3 Dec 601 56 44
4 Dec-Jan 1051 54 46
6 Jan 739 50 50
8 Jan-Feb 618 52 48
9 Feb 246 60 40
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TABLE 8. Mean body length and weight of Pacific herring in San Francisco Bay by age and
season, 1983·84 to 1991-92.
Season
Length (mm) at Age
2 3 4 5 6 7 8
1983-84 153 172 182 194 201 210 214
1984-85 161 182 190 198 204 210 213
1985-86 162 178 194 199 206 211 217
1986-87 160 179 190 204 209 215 218
1987-88 159 176 191 202 211 215 217
1988-89 156 171 190 205 214 218 224
1989-90 149 170 184 198 209 220 221
1990-91 147 172 184 198 210 215 219
1991-92 147 167 184 196 205 215 228
Season
Weight (g) at Age
2 3 4 5 6 7 8
1983-84 47.3 68.3 81.6 99.7 111.4 127.8 135.6
1984-85 64.1 96.5 111.2 126.0 138.1 148.8 156.1
1985-86 63.5 88.6 118.5 127.4 141.5 155.4 166.3
1986-87 61.5 89.7 112.8 140.2 152.3 160.5 166.7
1987-88 58.0 81.0 106.8 130.8 151.7 155.4 167.7
1988-89 56.7 78.0 108.9 141.4 167.8 180.0 202.3
1989·90 46.4 70.5 95.7 122.3 144.0 162.4 173.0
1990-91 46.3 73.8 90.6 104.2 134.2 141.5 161.2
1991-92 44.6 65.9 92.2 116.0 133.9 151.5 198.6
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TABLE 9. Pacific herring age-length key for 1990-91 season from fish collected in San
Francisco Bay.
Size Age (years)
Interval 2 3 4 5 6 7 8
< 130 1
130-139 21
140-149 22
150-151 1
152
154 4
156 4
158 7 1
160 4
162 4 1
164 1 1
166 1 1
168 3 1
170 3
172 2
174 4
176 4
178 4
180 1 2
182 1 8
184 2
186 1
188 1 1
190 3 3
192 2 3
194 1
196 2
198 1 1 1
200 1
202 2 1 1
204 2 1
206 4
208 3 2
210 2 1
212 1 2 1
214 1
216 1 1
218 1 4
220 1 1
222 1
224 1 1
n 70 22 26 18 17 10 3
Mean 147 172 184 198 210 215 219
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TABLE 10. Pacific herring age-length key for 1991-92 season from fish collected in San
Francisco Bay.
Size Age (years)
Interval 2 3 4 5 6 7 8
< 130
130-139 8
140-149 21
150-151 1 2
152 3 2
154 2 7
156 5 7
158 3 16
160 1 10
162 2 19
164 20 1
166 29
168 12
170 13 3
172 13 6
174 15 8
176 14 13
178 5 11
180 3 23 3
182 22 1
184 12 2
186 1 17 7
188 11
190 14 15 1
192 11 16 2
194 4 9 1
196 2 10 3
198 3 5 2
200 2 11 11 2
202 1 10 3
204 15 6 2
206 1 8
208 2 6 1
210 1 4
212 6 2
214 2 1
216 1 3
218 2
220 2 1
222 3 1
224 1 2
232 1
n 46 188 164 109 58 19 2
Mean 147 167 184 196 205 215 228
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TABLE 11. Age composition (%) by wave for all gears combined from otolith reading and
assigned ages based on lengths using an age-length key for the 1991-92 season.
Wave Age Fish
Number 1 2 3 4 5 6 7 8 Number
2 0.0 0.5 18.9 43.9 27.8 7.1 1.9 0.0 212
3 0.0 0.3 21.1 55.9 18.5 3.5 0.5 0.2 601
4 0.0 1.0 23.6 50.8 19.1 4.4 1.0 0.1 1051
6 0.0 1.1 32.8 46.6 15.8 2.8 0.7 0.0 740
8 3.1 7.4 41.4 37.1 8.7 1.8 0.5 0.0 618
9 0.0 22.2 42.1 29.0 4.5 2.2 0.0 0.0 221
TABLE 12. Age composition (%) by wave for midwater trawl samples using ages from otolith
reading and assigned ages based on lengths and an age-length key for the 1990-91 season.
Wave Age Fish
Number 1 2 3 4 5 6 7 8&9 Number
2 0.0 7.0 34.7 41.0 11.7 3.2 1.7 0.7 539
3 0.0 28.0 35.7 27.0 6.6 2.0 0.4 0.3 2292
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TABLE 13. Age composition (percent by number and weight) of Pacific herring in San
Francisco Bay for 1983-84 through 1991-92 spawning seasons using spawn escapement and
hydroacoustic biomass estimates.
Method Season
Age (years)
2 3 4 5 6 7 8&9
Hydroacoustic 1983-84 56.6 11.9 15.8 12.6 2.9 0.2 0.0
estimates 1984-85 38.7 40.0 9.8 4.6 5.4 1.4 0.1
Percent by 1985-86 32.5 32.1 25.3 5.3 3.2 1.5 0.1
number 1986-87* 29.2 33.6 23.1 11.2 1.6 1.1 0.2
1987-88 30.6 38.3 17.9 8.7 3.3 0.7 0.5
1988-89 25.8 39.0 24.6 7.8 2.2 0.5 0.1
1989-90 34.4 31.2 18.8 11.8 2.8 0.8 0.1
1990-91 N/A N/A N/A N/A N/A N/A N/A
1991-92 2.6 26.7 48.3 17.6 3.9 0.9 0.1
Biomass 1983-84 51.1 11.7 16.5 15.8 4.3 0.5 0.1
estimates 1984-85 36.9 40.7 9.9 4.9 5.8 1.6 0.2
Percent by 1985-86 31.6 31.7 25.9 5.5 3.4 1.7 0.2
number 1986-87 33.4 33.7 20.6 9.7 1.5 0.9 0.1
1987-88 27.7 37.6 19.3 9.8 4.2 0.8 0.7
1988-89 23.9 37.8 25.9 9.2 2.5 0.6 0.1
1989-90 39.0 30.7 16.7 10.5 2.3 0.6 0.1
1990-91 N/A N/A N/A N/A N/A N/A N/A
1991-92 3.1 27.4 47.7 17.1 3.8 0.8 0.1
Hydroacoustic 1983-84 42.1 12.7 20.1 19.6 5.1 0.4 0.0
estimates 1984-85 27.6 42.9 12.1 6.5 8.3 2.3 0.3
Percent by 1985-86 22.1 30.6 32.2 7.3 4.9 2.6 0.3
weight 1986-87 19.0 31.9 27.8 16.6 2.6 1.8 0.3
1987-88 20.6 36.0 22.2 13.2 5.8 1.2 1.0
1988-89 16.8 35.0 30.6 12.3 4.1 1.1 0.2
1989-90 21.1 28.9 23.4 19.0 5.5 1.9 0.2
1990-91 N/A N/A N/A N/A N/A N/A N/A
1991-92 1.2 19.5 49.3 22.6 5.8 1.5 0.2
Biomass 1983-84 36.2 12.0 20.1 23.5 7.1 1.0 0.1
estimates 1984-85 26.1 43.4 12.1 6.7 8.8 2.6 0.3
Percent by 1986-86 21.6 30.0 32.8 7.4 5.2 2.7 0.3
weight 1986-87 22.4 33.0 25.4 14.9 2.5 1.5 0.4
1987-88 18.1 34.4 23.2 14.4 7.1 1.4 1.3
1988-89 15.2 33.0 31.4 14.2 4.7 1.2 0.2
1989-90 24.8 29.6 21.7 17.6 4.6 1.5 0.3
1990-91 N/A N/A N/A N/A N/A N/A N/A
1991-92 1.5 20.1 49.0 22.0 5.7 1.4 0.2
* Data from 1986-87 have been revised subsequent to publication of a previous administrative report(Reilly and Moore 1987).
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TABLE 14. Estimated numbers (x 1,000) of Pacific herring by year-class at 2, 3, and 4 years of
age from the San Francisco Bay spawning population.
Estimation Year- Age
method class
2 3 4
Hydroacoustic 1981 88,921 39,248 30,143
1982 170,899 124,036 110,941
1983 113,543 135,796 122,204
1984 135,352 200,093 144,960
1985 198,316 283,013 142,909
1986 208,308 208,274 125,687
1987 131,679 230,678 *N/A
1988 292,626 *N/A 222,224
1989 *N/A 127,733
--
1990 14,378 ---
Spawn-plus-catch 1981 87,908 69,654 46,613
1982 332,699 190,998 126,535
1983 185,742 160,613 134,528
1984 162,422 194,365 136,604
1985 168,962 292,508 139,906
1986 233,193 222,058 143,039
1987 146,525 238,158 *N/A
1988 262,728 *N/A 219,545
1989 *N/A 121,241
---
1990 11,374
---
*Data collected during the shortened 1990-91 field season.
TABLE 15. Biomass estimates for the 1990-91 season by wave and survey technique and
coordinated "best" estimate.
Wave Hydroacoustic* Spawn* "Best" Method **
number estimate estimate estimate used
1 120 120 2
2 1,300 4,500 4,500 2
3 38,600 29,100 33,900 3
4 3,700 3,700 2
5 2,100 2,100 2
6 700 700 2
Total 39,900 40,220 45,020
*Adjusted for catch -estimates rounded to nearest 100 tons
**2 = spawn escapement, 3 = average
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TABLE 16. Biomass estimates for the 1991-92 season by wave and survey technique and
coordinated -best" estimate.
Wave Hydroacoustic• Spawn· "Best" Method··
number estimate estimate estimate used
1 N/A 2 2 2
2 1,900 2,800 2,400 3
3 3,600 4,900 4,300 3
4 17,800 16,200 17,000 3
5 N/A 10,000 10,000 2
6 3,700 3,900 8,000 4
7 550 N/A 550 1
8 2,500 1,900 2,500 1
9 2,300 1,600 1,900 1
Total 32,350 41,302 46,652
• Adjusted for catch -estimates rounded to nearest 100 tons
··1 = hydroacoustic, 2 = spawn escapement, 3 = average, 4 = adjusted (Spratt et at 1992).
TABLE 17. Size comparison of young-of-the-year Pacific herring, measured in May, for the
1983 through 1991 year-classes.
Mean body Dates of
Year-class n length (mm) peak spawn
1983 2327 52.4 Jan 5 - 12
1984 1818 54.0 Jan 25 - Feb 2
1985 4452 44.7 Jan 6 - 9
1986 1813 54.2 Jan 5 - 8
1987 205 53.5 Jan 18·23
1988 874 45.9 Jan 25·28
1989 310 39.6 Jan 12 - 18
1990 164 42.0 Jan 3 - 6
1991 189 41.9 Dec 27·30
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TABLE 18. Forecasting index value (adjusted catch of young-of-the-year herring from selected
stations) by year-class and subsequent recruitment strength (X 1,000) of 2-year-olds.
Recruitment
Year-class Index value Season Strength
1980 3783 -- --
1981 495 82-83 87,908
1982 13580 83-84 332,699
1983 641 84-85 185,742
1984 3517 85-86 162,422
1985 4107 86-87 168,962
1986 9296 87-88 233,193
1987 4241 88-89 146,525
1988 1640 89-90 262,728
1989 6250 90-91 N/A
1990 506 91-92 11,374
1991 1054 92-93
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APPENDIX A. Summary of herring samples from San Francisco Bay, November 1990 to
January 1991.
Sample Number Number Wave
number Date Location' Gear2 measured aged number
900 Nov 30 PP MT 130 2
901 Dec 3 CHB MT 64 2
902 3 CHB MT 345 2
903 12 TI MT 272 82 3
904 14 AL MT 28 3
905 14 AL MT 301 35 3
906 17 IB MT 189 10 3
907 24 BB MT 224 8 3
908 27 IB/AL MT 446 3
909 31 IB MT 306 11 3
910 Jan 2 CHB MT 60 3
911 3 CNB MT 177 2 3
912 7 TI MT 288 3
,Locations:
AL - Alameda
BB - Bay Bridge
CHB - China Basin
CNB - Central Basin
IB - -I- buoy
PP - Potrero Point
2Gear:
MT - midwater trawl
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APPENDIX B. Summary of herring samples from San Francisco Bay, November 1991 to
February 1992.
Sample Number Number Wave
number Date Location! Gear2 measured aged number
913 Nov 22 IB MT 11 11 2
914 25 PP MT 35 35 2
915 25 PB MT 26 16 2
916 26 IB MT 41 12 2
917 26 SO MT 99 15 2
918 Dec 3 IB MT 116 3
919 6 PC MT 26 3
920 6 CHB MT 37 3
921 6 P50 MT 94 3
922 9 IB MT 157 48 3
923 10 P50 MT 108 27 3
924 10 AL MT 63 9 3
925 16 IB MT 12 4
926 16 AL MT 24 1 4
927 17 IB MT 21 4
928 18 IB MT 46 38 4
929 18 IB MT 36 23 4
930 18 PP MT 69 13 4
931 20 YBI MT 14 3 4
932 20 IB MT 83 9 4
933 20 PP MT 70 8 4
934 23 YBI MT 31 4
935 23 YBI MT 28 4
936 26 TI MT 29 2 4
937 26 TI MT 481 12 4
938 Jan 3 SP MT 25 4
939 3 7 RH 107 6
940 8 7 GN 50 6
941 9 IB MT 50 49 6
942 9 IB MT 39 17 6
943 9 IB MT 138 27 6
944 9 P54 RH 110 6
945 9 P54 RH 110 6
946 10 AZ RH 102 3 6
947 10 TI MT 91 9 6
948 14 PO MT 180 6
949 13 BB RH 99 6
950 20 SBY MT 107 72 8
951 17 IB MT 20 8
952 23 TI MT 9 1 8
953 23 IB MT 33 3 8
954 23 IB MT 26 4 8
955 23 IB MT 23 3 8
956 24 TI MT 3 8
957 24 IB MT 14 8
958 27 IB/BB MT 17 8
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APPENDIX B. (continued)
Sample Number Number Wave
number Date Location' Gear2 measured aged number
959 Jan 27 IB/BB MT 33 8
960 27 IB/BB MT 55 8
961 29 AL MT 61 7 8
962 30 VBI MT 22 3 8
963 30 VBI MT 57 3 8
964 31 IB MT 45 8
965 Feb 3 HP RH 120 3 8
966 3 HP RH 108 7 8
967 3 HP MT 42 1 8
968 3 lAB MT 31 8
969 21 AZ MT 94 61 9
970 21 AZ MT 28 4 9
971 21 SBH MT 71 11 9
972 25 MM MT 21 7 9
973 25 MM MT 7 9
974 25 MM MT 53 11 9
MM - Muni pier/Fort Mason
PB - Point Blunt
PC - Point Chauncey
PO - Presidio
PP - Potrero Point
P50 - Pier 50
P54 - Pier 54
,Locations:
AL - Alameda
AZ - Alcatraz
BB - Bay Bridge
HB - Chlna Basin
HP - Hunter's Point
lAB - India Basin
IB - -I- Buoy
2Gear:
GN - commercial gill net
MT - midwater trawl
RH - round haul (purse seine or lampara)
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SBH - South Beach Harbor
SBV - South Bay
SO - Sausalito
SP - Sewage Plant(Sausalito)
TI - Treasure Island
VBI - Verba Buena Island
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APPENDIX C. Number of Pacific herring by body length (2-mm interval) from midwater trawl
samples collected in San Francisco Bay, November 1990 to January 1991.
Size Sample Number
Interval 900 901 902 903 904 905 906
110-139 1
140-141
142 1
144 3 1
146 1
148 1 1
150 1 1 1 4
152 2 1
154 1 2 4 4
156 1 2 1 2 1 8 2
158 4 1 7 2 13 3
160 2 1 8 8 6
162 2 2 9 11 23 7
164 1 2 10 11 1 12 5
166 3 2 7 13 2 8 12
168 4 5 12 13 1 18 10
170 9 5 18 15 11 8
172 7 1 16 17 1 19 9
174 11 7 21 21 5 22 9
176 10 7 23 23 3 12 13
178 14 3 25 22 1 25 10
180 6 2 20 15 1 13 10
182 8 1 20 28 4 14 14
184 12 2 26 16 1 12 12
186 8 3 22 10 3 17 8
188 6 4 22 15 1 6 2
190 7 1 15 7 4 7
192 2 2 16 4 9 7
194 6 2 17 1 2 10
196 3 1 7 1 1 4 3
198 4 2 4 5
200 1 1 3 1 2
202 2 5 1 3 1
204 2 1 1 2
206 2 4 3 1
208 1 1 1 3 2
210 2 2 2 1
212 5 2
214 2
216 2 1
218 1 1 1 3
220 1 2
222 1
224 1 1 1
230 1
n 130 64 345 272 29 301 189
Mean 181.7 175.2 182.7 176.4 176.9 175.9 179.8
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APPENDIX C. (continued)
Size Sample Number
Interval 907 908 909 910 911 912
110-139 1 1 5 2 1
140-141 3
142 1 1 1
144 1 1 1 2
146 1 2 1 1
148 4 3 1
150 2 4 5 1 3 2
152 4 8 6 2 6 4
154 4 12 18 1 12 12
156 10 11 8 2 11 18
158 5 12 18 4 9 13
160 9 17 15 4 12 19
162 7 24 18 3 13 21
164 15 21 24 5 10 18
166 9 20 26 2 17 19
168 17 24 27 5 7 25
170 16 17 20 4 10 18
172 14 32 14 4 9 18
174 9 19 16 1 6 23
176 7 27 8 2 9 8
178 19 28 7 3 6 7
180 9 15 15 3 10 7
182 8 27 10 2 7 11
184 11 27 15 3 12
186 1 18 5 6 4
188 3 22 2 3 4 4
190 6 12 3 1 3 5
192 5 13 4 1 4
194 4 3 2 4
196 6 5 1 1 4
198 7 4 1 1 2
200 1 1 3 1
202 2 4 2
204 3 3 1
206 1 1 1
208 1 2
210 1 3 1
212 1
214 1 1
216 1 1
218 1
220 1
n 224 446 306 60 177 287
Mean 175.1 174.7 169.0 171.5 167.4 169.8
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APPENDIX D. Number of Pacific herring by body length (2-mm interval) from midwater trawl
samples collected in San Francisco Bay, November 1991 to February 1992.
Size Sample Number
Interval 913 914 915 916 917 918 919 920 921
110-139
140-141
142
144
146
148
150
152 1
154
156 1
158
160 2 1 1
162 1 3 2
164 1 1 2 1 1 2
166 1 1 1 1 2 2 1
168 2 5 3 2
170 1 2 4 1 1 1
172 2 1 1 4 3 1 4 5
174 1 2 1 3 5 5 1 2 7
176 2 1 3 7 2 1 4
178 1 3 2 9 9 3 4 11
180 1 3 2 5 4 15 3 4 6
182 1 3 1 4 10 12 4 10
184 2 1 6 6 1 10
186 4 6 4 7 9 1 4 5
188 2 2 3 3 13 6
190 2 2 1 8 8 5 6 6
192 1 1 3 3 5 4 1 2 6
194 1 2 2 5 4 2 6
196 2 1 3 4 1
198 1 1 2 1 2
200 1 3 5 4 2
202 1 1 1 2
204 1 1 3 4
206 2 1
208
210 1 1
212 1
214 1 1
216
218 2
220
222
224 1
n 11 35 26 41 99 119 26 37 94
Mean 187.5 183.7 1~5 185.9 185.8 182.6 1n.3 182.0 183.3
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APPENDIX D. (continued)
Size Sample Number
Interval 922 923 924 925 926 927 928 929 930
110-139
140-141
142
144
146
148
150
152
154
156 1 2
158 1 1 1
160 1 1 1
162 1
164 4 1 2 1 1 1
166 2 3 1 2 3 1
168 1 3 1 1
170 3 7 1 1 3 4
172 6 5 2 1 5 3
174 9 5 2 1 3 1 2 3 3
176 11 6 3 1 3 2 6
178 12 7 3 1 2 1 4
180 9 10 3 1 4 6 1 6
182 18 13 8 1 1 1 3 1 4
184 9 9 5 1 2 2 5 3 10
186 15 10 5 2 3 4 4
188 11 10 2 2 4 4 4
190 7 5 4 1 3 4 2 7
192 11 3 4 1 1 2 3
194 7 2 4 1 2 2 2 1
196 6 3 2 1 1 1 1
198 4 5 2 1
200 4 1 2 2 1 1
202 2 1 2 1
204 2 2 2 2 2 1
206 2 1 1
208 1 1 1
210
212
214
216 2
218
220 1
222 1 1
224 1 1
232
n 157 108 63 12 24 21 46 36 69
Mean 185.1 183.1 186.3 184.6 186.9 185.2 185.5 100.7 181.9
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Size Sample Number
Interval 931 932 933 934 935 936 937 938 941
110-139 1
140-141
142 1
144
146
148
150
152
154 4
156 2
158 2 2 1
160 1 1 2
162 1 1 8 3
164 1 3 1 1 10
166 2 1 1 8 1
168 1 2 9
170 1 2 2 2 1 1 12 1
172 4 1 1 2 19 3 1
174 1 6 1 3 1 17 7
176 2 3 1 3 2 29 2 6
178 6 1 5 1 2 25 3 4
180 1 4 4 2 1 3 31 4 1
182 2 7 7 2 4 2 37 3 4
184 1 4 8 1 1 1 51 5 4
186 2 5 5 1 1 37 1 3
188 1 3 9 3 2 2 38 2 3
190 14 10 3 2 26 3
192 1 9 5 3 4 3 24 5
194 3 2 25 1
196 1 1 3 2 15
198 3 2 1 2 16 1
200 3 1 1 9
202 1 2 1 12
204 1 4 2
206 2 1
208 1 1 3
210 1 1
212 2
214
216 1
218 1
220 1
222
224
232 1
n 14 83 70 31 28 29 481 25 50
Mean 178.0 186.0 185.8 183.9 182.6 100.9 184.2 179.7 182.8
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APPENDIX D. (continued)
Size Sample Number
Interval 942 943 947 948 950 951 952 953 954
110-139 1 5 4 1 1
140-141 1 1 1
142 1
144
146 1 1
148
150 1
152 1 1
154 1 4 1 1
156 2 2 3
158 1 4 3 1 1 1
160 1 1 1 5 3 1 2
162 2 6 4 13 11
164 8 1 10 2 2 1 4
166 3 6 2 15 6 1 1 6 2
168 4 3 17 6 2 4 2
170 5 6 4 14 11 1 2
172 2 8 3 11 7 3 3 2
174 3 5 4 7 6 2 1 3 4
176 3 7 4 10 7 1 4 2
178 3 13 6 12 1 2 1 1
180 7 9 11 11 3 1
182 3 9 4 10 4 2 1 1 2
184 3 15 8 10 3 1 1
186 2 5 2 3 6
188 4 6 1 1 2 1
190 9 6 1 5 1 1
192 1 3 3 6 3 2
194 1 3 4 2
196 2 1 3 1 1
198 1 5 1
200 2
202 1 1 1 1
204 1 4 1
206 1 1
208 1
210 1
212 2 2
214 1 1
216 1
218
220 1
222 1 1
224
232
n 39 138 91 180 106 20 9 33 26
Mean 176.4 179.8 183.9 171.9 172.4 172.7 169.4 173.4 173.2
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Size Sample Number
Interval 955 956 957 958 959 960 961 962 963
110-139 1 2 1 3 1 3 10 1 2
140-141 1
142 1
144 2
146
148 1
150 1
152 1 2
154 1
156 1
158 3
160 1 1 1
162 1 4 1
164 1 1 3 2 1
166 1 2 1 2 4
168 3 1 2 1 4 5
170 4 1 1 2 4 5 3 1
172 3 3 1 3 1 5 1 6
174 2 2 4 5 1 4
176 3 1 5 3 3 4 1 5
178 1 1 4 2 2 2
180 1 2 1 2 4 3 2 5
182 1 3 4 2 3 4
184 1 3 1 3
186 1 2 4 3 2
188 1 1 1 5 2 2 2
190 1 1 2 2 1 1
192 1 1 1 1
194 4 2 2
196 1 2 1
198 1 2 1 1
200 1
202 1
204
206
208
210 1
212
214 1
216
218
220
222
224
232
n 23 3 14 17 33 55 61 22 56
Mean 169.1 146.3 169.0 172.5 181.0 177.5 166.9 172.0 173.3
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APPENDIX D. (continued)
Size Sample Number
Interval 964 968 969 970 971 972 973 974
110-139 5 6 18 10 20 6 2 9
140-141 1 1 2 1
142 2 2 4
144 1
146 1
148 1
150 1 1
152 1
154 2 1
156 2 1
158 1 2
160 1 4 1 1
162 3 1 3 3 3 1
164 1 4 2 2 2
166 3 2 3 1 2 4
168 2 2 2 1 4 1 1 4
170 2 5 2 3 2 1 5
172 4 3 7 2 4 2 5
174 4 6 5 1 3 1 3
176 3 1 8 3 1
178 1 1 5 1 3 2 3
180 4 4 9 1 6 2
182 2 1 2 1 1
184 6 2 1 2 1 1
186 1 1 3
188 4 2 1 1 1
190 3
192 1 1 1
194 1 1 1
196 2 1
198 1 1
200 1 2 1
202
204
206
208 1
210 1
212
214
216
218
220
222
224
232
n 45 31 94 28 71 21 7 53
Mean 170.0 163.5 165.6 156.1 161.6 156.4 100.7 164.3
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APPENDIX E. Number of Pacific herring by body length (2-mm interval) from round haul net
samples collected in San Francisco Bay, January to February 1992.
Size Sample Number
Interval 939 944 945 946 949 965 966
110-139 15 4
140-141 2 2
142 1
144 1
146
148 1 1
150 1
152 2
154 1 1
156 1 1 1
158 2 1 1 1 1
160 1 1 2 1 3 2
162 2 1 3 1 4 2 3
164 3 2 5 1 4 2 4
166 7 5 5 4 2 9 3
168 1 7 1 6 5 3
170 7 4 3 4 2 7 5
172 4 8 8 6 4 3 12
174 5 8 3 6 3 11 6
176 10 8 10 8 5 9 7
178 8 12 8 11 8 6 5
180 7 9 14 8 5 12 7
182 9 4 10 4 14 6 11
184 10 8 9 11 8 4 5
186 5 5 6 4 9 4 4
188 6 4 3 6 4 3 2
190 4 9 1 1 2 3 3
192 6 3 5 2 7 2 3
194 5 5 4 5 7 2 3
196 3 2 2 3 2 2
198 1 1 1 1 5 2
200 1 1 3 1 2 2
202 1 2 3 1
204 1 1 2
206 1 2
208 1 1
210 1 1
212 1
214
216
218
220
222
224
230
n 107 110 110 102 99 120 108
Mean 180.2 179.6 179.5 181.4 183.0 170.8 175.6
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APPENDIX F. Estimated weight at length for ripe Pacific herring in San Francisco Bay collected
during the 1990-91 season.
Body Weight (g) Body Weight (g)
Length
Male Female Both
Length
Male Female Both(mm) (mm)
130 31.4 31.7 31.5 186 98.5 98.8 98.6
132 33.0 33.3 33.1 188 102.0 102.2 102.0
134 34.6 34.9 34.7 190 105.5 105.7 105.5
136 36.3 36.6 36.4 192 109.0 109.2 109.1
138 38.0 38.3 38.1 194 112.7 112.9 112.8
140 39.8 40.1 39.9 196 116.5 116.6 116.5
142 41.7 42.0 41.7 198 120.3 120.4 120.3
144 43.6 43.9 43.6 200 124.2 124.3 124.2
146 45.5 45.8 45.6 202 128.2 128.3 128.3
148 47.5 47.8 47.6 204 132.3 132.4 132.3
150 49.6 49.9 49.7 206 136.5 136.5 136.5
152 51.8 52.1 51.8 208 140.8 140.8 140.8
154 54.0 54.3 54.0 210 145.1 145.1 145.1
156 56.2 56.5 56.3 212 149.6 149.5 149.6
158 58.6 58.9 58.6 214 154.1 154.1 154.1
160 61.0 61.3 61.0 216 158.8 158.7 158.8
162 63.4 63.7 63.5 218 163.5 163.4 163.5
164 66.0 66.3 66.0 220 168.3 168.2 168.3
166 68.6 68.9 68.6 222 173.3 173.1 173.3
168 71.2 71.5 71.3 224 178.3 178.1 178.3
170 74.0 74.3 74.0 226 183.4 183.2 183.4
172 76.8 77.1 76.8 228 188.6 188.3 188.6
174 79.7 79.9 79.7 230 194.0 193.6 193.9
176 82.6 82.9 82.7 232 199.4 199.0 199.4
178 85.6 85.9 85.7 234 204.9 204.5 204.9
180 88.8 89.0 88.8 236 210.6 210.1 210.5
182 91.9 92.2 92.0 238 216.3 215.8 . 216.3
184 95.2 95.4 95.3
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APPENDIX G. Estimated weight at length for ripe Pacific herring in San Francisco Bay collected
during the 1991-92 season.
Body Weight (g) Body Weight (g)
Length
Male Female Both
Length
Male Female Both(mm) (mm)
130 29.6 29.7 29.2 186 97.1 100.8 99.1
132 31.2 31.3 30.7 188 100.6 104.6 102.8
134 32.7 32.9 32.4 190 104.2 108.5 106.6
136 34.4 34.6 34.0 192 107.9 112.4 110.5
138 36.1 36.4 35.8 194 111.7 116.4 114.5
140 37.9 38.2 37.6 196 115.5 120.6 118.5
142 39.7 40.1 39.4 198 119.5 124.9 122.7
144 41.6 42.1 41.4 200 123.5 129.2 127.0
146 43.5 44.1 43.4 202 127.7 133.7 131.4
148 45.6 46.2 45.4 204 131.9 138.3 135.9
150 47.6 48.4 47.6 206 136.2 142.9 140.5
152 49.7 50.6 49.8 208 140.7 147.7 145.2
154 51.9 52.9 52.0 210 145.2 152.7 150.0
156 54.2 55.3 54.4 212 149.9 157.7 155.0
158 56.6 57.8 56.8 214 154.6 162.8 160.0
160 58.9 60.3 59.3 216 159.4 168.1 165.2
162 61.4 62.9 61.9 218 164.4 173.4 170.5
164 64.0 65.6 64.5 220 169.4 178.9 175.9
166 66.6 68.4 67.2 222 174.6 184.6 181.4
168 69.3 71.2 70.0 224 179.9 190.3 187.0
170 72.1 74.2 72.9 226 185.2 196.2 192.8
172 74.9 77.2 75.9 228 190.7 202.2 198.7
174 77.8 80.3 78.9 230 196.3 208.3 204.7
176 80.9 83.5 82.1 232 202.1 214.5 210.8
178 83.9 86.8 85.3 234 207.9 220.9 217.1
180 87.1 90.2 88.6 236 213.8 227.4 223.5
182 90.4 93.6 92.0 238 219.9 234.1 230.0
184 93.7 97.2 95.5
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